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IN VITRO PRODUCTION OF ERGOT ALKALOIDS BY 
CULTURES OF CLAVICEPS PURPUREA (FR.) TUL.! 
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Abstract 


Stationary cultures of Claviceps purpurea (Fr.) Tul. grown 50 days on a liquid 
medium containing mannitol, ammonium succinate, and salts produced small 
amounts of ergot alkaloids. 

Irgometrine, ergometrinine, ergotamine, ergotaminine, ergocornine, ergo- 
corninine, ergocryptine, agroclavine, and penniclavine were identified by paper 
chromatography of culture extracts. The selection of strains, the composition 
of the medium, and the length of the incubation period appeared to be important 
factors influencing the production of alkaloids. 


Introduction 


Since 1930 the production of ergot alkaloids by pure cultures of Claviceps 
purpurea has frequently been reported (8, 9, 10, 13, 14, 15, 18, 19, 22) but in 
most cases the methods employed for the identification of the alkaloids were 
not exacting and depended solely upon characteristic biological properties 
and color reactions. Production, if actually achieved, was at a very low 
level. Many recent workers (11, 12, 17, 20, 24) have failed to reproduce 
these results and, in fact, the majority of reports since 1950 have indicated 
that alkaloids are not produced by the fungus zz vitro. Abe and his co- 
workers (1 to 8), and subsequently Stoll and his group (22) using Abe’s 
methods, have, however, demonstrated convincingly that alkaloid production 
is possible. Where high yields were obtained, the products were found to 
be not the substituted amides of lysergic acid hitherto isolated from. rye 
sclerotia but new derivatives of the ergoline ring system. Thus Abe’s group 
have found that certain cultures isolated from Agropyron semicostatum Nees 
produced good yields of agroclavine (1), while cultures from Elymus mollis 
Trin. produced substantial quantities of elvmoclavine (7). A number of 
other alkaloids of uovel constitution have also been isolated in minor amounts. 
Stoll ef al. (22) described the isolation of penniclavine, elymoclavine, and 
agroclavine from a strain of Claviceps found on Pennisetum typhoidenm Rich. 
Recently, the Japanese workers (8) have reported paper chromatographic 
evidence that small amounts of ergometrine, ergotamine, ergosine, ergocristine, 
ergokryptine, and ergocornine and of alkaloid X, agroclavine, and elymoclavine 
are produced iz vitro by a Spanish strain of Claviceps purpurea. Strains 
isolated from 10 different grasses were examined, and all cultures were found 
to produce agroclavine, elymoclavine, alkaloid X, ergokryptine, and ergosine; 
two produced ergometrine; three, ergotamine; three, ergocristine; and one, 
ergocornine. 

In view of the importance of ergot alkaloids and the obvious advantages 
of commercial production in artificial media, an investigation into the possibili- 
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ties of im vitro production was undertaken. This phase of the study was 
designed to resolve the conflict between recent reports in the literature 
concerning the formation or nonformation, in artificial media, of ergot 
alkaloids of the type derived from lysergic acid. 


Materials and Methods 


Growth Conditions 

The history, nutrition, and method of preparing the inocula of the three 
strains used in these studies have been described in a previous publication 
(23). The influence of media composition on production was examined by 
the use of five different media (Table I). 

These media were dispensed either in 40 ml. aliquots in 125 ml. Erlenmeyer 
flasks, or 50 ml. in 250 ml. Erlenmeyer flasks. Shaken cultures were grown 
as already described (23); stationary cultures were incubated at 27°C. 
either in the dark or diffuse natural light. 


Estumation of Yield of Alkaloid 
Cultures were selected at intervals, separately homogenized in a Waring 
blendor, and freeze-dried. They were then shaken for four hours with 


peroxide-free ether (50 ml.) containing concentrated ammonium hydroxide 
(0.3 ml.), filtered, washed with fresh ether (20 ml.), and the filtrate concen- 


TABLE I 


COMPOSITION OF MEDIA 


Concentration per Jiter 


Medium Medium Medium Medium Medium 
[* It 

Glucose 10g. 15 g. 50 g. 
Mannitol 50g. 15 g. 
Yeast extract 10 “ 
Ammonium succinate 8 980 mg. 980 mg. 8 “ 
K.HPO, 100 «100 «100 mg 
KH.PO, 1.0 “ 700 «700 «700 fe 
MgS0,.7H.O 0.3 “ 201 «201 “201 a 
CaCl. 2120 5.95 “ 5.95 “ 5.95 “ 
FeSO; .7H20 5.00 “ 5.00 “ 5.00 “ 
ZnSO;.7H,0 4.40 “ 4.40 “ 4.40 “ 
MnSOyj. 120 apo. DBAS. DTS, > 3 
NaCl 255. 259.8 27590. 
CuClh,.2H2O0 0.269 “ 0.269 “ 0.269 “ 
(NH4)¢Mo7Oe4 é 4.0 1.82 1.82 “ 1.82 * 
i-Inositol 1.0 “ 1.0 “ 1.0 “ 
Thiamine HCl 100 be. 100 bg. 100 Lg. 
Pyridoxine HC! 100 “100 “100 nf 
Calcium pantothenate 100 “100 «100 ee 
Nicotinamide 50 hi 50 6 50 .s 
p-Aminobenzoic acid 50 ef 50 “ 50 o 
Biotin 5 5 e 5 “s 


*Reference 1. Final medium, in tap water, was adjusted to pH 5.2-5.4 with succinic 
acid. The other media were made up in distilled water. 
TReference 23. 
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trated at 40°C. under a stream of nitrogen to approximately 10 ml. This 
was shaken with 3 ml. of 0.1 N sulphuric acid and the aqueous layer separated. 
To it was added 6 ml. of Van Urk’s reagent (p-dimethylaminobenzaldehyde 
(0.2 ¢.) and FeCls.6H2O (0.003 g.) in 100 ml. 65% (v/v) sulphuric acid). 
After one hour, the color of the sample was measured in a Coleman Junior 
Spectrophotometer at 550 my and the amount of alkaloid calculated as 
ergometrine was determined from a previously prepared standard curve. 


Recovery and Identification of Products 

Separation of the alkaloids was carried out by a modification of the method 
used by Stoll and Rtiegger (21). The whole cultures were freeze-dried and 
shaken twice with 500 ml. petrol (b.p. 30°-60° C.) to remove the bulk of the 
fats, and the residue extracted once with 250 ml. of 2% tartaric acid in 70% 
aqueous acetone, followed by three further extractions of 100 ml. each. The 
extracts were concentrated at 40° C. im vacuo to remove the acetone, then 
extracted twice with 100 ml. of ether, and the extract discarded. The aqueous 
solution was neutralized with sodium carbonate, then extracted four times 
with 100 ml. of a mixture of chloroform and isopropanol (3:1). The extracts 
were concentrated 77 vacuo to a small volume (0.1 ml.), and a sample of the 
solution examined by circular paper chromatography. A disk of Whatman 
No. 1 filter paper (24 cm. diameter) was dipped in a mixture of equal volumes 
of formamide and ethanol (16) and well blotted. In order that the ethanol 
might evaporate, at least 15 min. was allowed to elapse after application of 
the alkaloid samples before the paper was placed in a large desiccator and 
irrigated with a solvent mixture consisting of four parts of benzene to one 
part of petrol (b.p. 100°-120°C.). The solvent front took approximately 
two hours to reach the outer edge of the paper. The air-dried chromatogram 
was examined under ultraviolet light of 2537 A, and fluorescent zones noted. 
The paper was then sprayed with a 2% (w/v) solution of p-dimethylamino- 
benzaldehyde dissolved in concentrated hydrochloric acid. Dark blue zones 
appeared on the chromatogram within a few minutes. A second sample of 
the culture extract was then chromatographed in the same manner using 
chloroform saturated with formamide as the mobile phase. Using the 
solvent mixture benzene-petrol (4:1) on formamide impregnated paper, 
it was found that a mixture of the following alkaloids could be separated, 
in order of increasing R; value: ergometrine, ergotamine, ergosine, ergot- 
aminine, ergosinine, ergocornine, ergokryptine, ergocorninine, ergocristinine, 
and ergokryptinine. Ergocristine appeared between ergosinine and ergo- 
cornine, but since these two alkaloids themselves were very close together, 
inclusion of ergocristine in the mixture resulted in a single broad band in 
which the three individual components were indistinguishable. Ergosine 
and agroclavine were superimposed on ergotamine, while ergometrinine, 
elymoclavine, and penniclavine were superimposed on ergometrine in the 
solvent system. When the system chloroform—formamide was used, a 
mixture of penniclavine, ergometrine, ergometrinine, agroclavine, and 
ergotamine could be separated (in order of increasing Rs). Elymoclavine 
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Was superimposed on ergometrine, while all the remaining alkaloids were 
superimposed on ergotamine at the solvent front in thissystem. Identification” 
of the alkaloids in the culture samples was carried out by comparison of the 
zones with a mixture of standards in an adjacent segment of the chromatogram. 
Only those zones which gave a blue fluorescence in ultraviolet light as well 
as a blue or green zone with Van Urk's reagent were recorded, except with 
agroclavine and elymoclavine, which do not fluoresce. 


Results 


When the three cultures were grown on medium | under stationary 
conditions and sampled after intervals of 25, 35, and 52 days, no alkaloid 
could be detected until the third sampling, when 0.51 to 1.5 mg. per liter 
of culture (calculated as ergometrine) were found in PRL 1555 and 1557. 
No alkaloid was found in PRL 1556. Duplicate experiments were carried 
out under conditions of dark and light and with added biotin (23), but no 
marked differences were noted. A positive color reaction, equivalent to 
0.53 mg. of ereometrine per liter, was obtained at 35 days when shake cultures 
of PRL 1555 in medium | were used. 

The influence of different media on production was tested by growing the 
three strains on the five media described and examining the cultures at 48 
days. PRI 1555 alone was found to produce alkaloids in this experiment. 
PRL 1556 and 1557 gave no color reaction with Van Urk’s reagent even when 
re-examined after 65 days. Medium I gave the best yield of alkaloid (0.55 
mg. per liter culture) but some production also occurred on medium III 
(0.25 mg.) and Il (the estimated value of 0.52 mg. obtained here was 
undoubtably too high owing to the presence of a brown pigment extracted 
along with the alkaloids). No appreciable production occurred on media 
IV and V. Paper chromatograms of extracts from five pooled flasks of 
PRL 1555 grown on medium I showed the presence of ergometrine aud 
ergotamine. 

TABLE IT 
ALKALOIDS FORMED IN STATIONARY CULTURES 
OF Claviceps purpurea* 


PRE 1555 PRL 1557 


Penniclavine Ergometrine (and possibly 
ely moclavine) 
Ergometrine (and possibly 


ely moclavine) Agroclavine 
Ergometrinine Ergotamine 
Agroclavine Ergocornine 
Ergotamine Ergokryptine 
Ergotaminine Ergocorninine 
Ergocornine 


Ergokry ptine 


*Fifty-day-old submerged culture on Abe’s medinm (1). 
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When PRI 1555 and 1557 were grown under stationary conditions for 
50 days and the alkaloids from 20 pooled flasks of each were isolated and 
examined by paper chromatography, alkaloids were again detected (Table [1). 


Discussion 


The most notable differences in the conditions for alkaloid production used 
by Abe and his group, compared with those used by other workers, are the 
long incubation periods (30-50 days), the use of a medium consisting of 5% 
mannitol, 0.8% ammonium succinate, 0.1% monopotassium phosphate, 
0.03% magnesium sulphate, and tap water, and the adjustment of the pH 
of the medium (with succinic acid) to pH 5.2-5.4. Under these conditions 
the formation of alkaloids by two of the three strains of Claviceps used was 
shown to take place and Abe’s results confirmed. Although production at 
this level is of no commercial significance, it does serve to demonstrate that 
certain strains of Claviceps possess the ability to synthesize the lysergic 
acid molecule im vitro, and hence do not need to rely either on preformed 
nutrients from the host plant or formation of sclerotia. It seems reasonable 
to expect that further experiments may reveal conditions which will allow 
a significant increase in yield. 

The work carried out up to the present indicates that three conditions are 
important. The first is selection of a proper strain. Of the three used above, 
one (PRL 1556) gave no production and a second (PRL 1557) gave only 
irregular production. Abe ef al. (8) have also shown that strains vary in 
the types of alkaloid produced and it is of interest that the alkaloids detected 
in the im vitro cultures were also found in the sclerotia from which they were 
isolated. The composition of the medium is also important. Abe’s medium 
was superior to all others tested, although it does not appear to be essential 
for production. Stoll ef a/. (22) also found that their culture would produce 
alkaloids on other media, and that production on Abe’s medium could be 
improved by the addition of 5% sucrose. Finally, a long period of incubation 
is necessary. Our results indicate that at least 35 days are required for 
production when shake cultures are used and longer periods for stationary 
cultures. Stoll e¢ al. (22) found 20 days were required for detectable pro- 
duction with shaken cultures and 42 days with stationary cultures. 

The numerous reports of failure by other investigators to achieve alkaloid 
production is understandable since few, if any, of the above conditions were 
observed in their experiments. 
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